Background and Purpose-This is the first prospective evaluation of changes in systemic hematologic status following administration of intraventricular recombinant tissue-type plasminogen activator in patients with intraventricular hemorrhage (IVH). Methods-Laboratory data from subjects enrolled onto the Clot Lysis: Evaluating Accelerated Resolution of IVH (CLEAR IVH) Trials were analyzed. We analyzed pre-and post-recombinant tissue-type plasminogen activator dosing coagulation parameters. Longer-term changes in hematologic status were studied in subjects who received the study agent after blood clot in the third/fourth ventricles had resolved radiologically. Results-Plasma fibrinogen increased significantly in both treatment groups. Dosing did not have a significant impact on any systemic coagulation parameters in either treatment group.
T hrombolytic treatment of intraventricular hemorrhage (IVH) with low-dose intraventricular recombinant tissuetype plasminogen activator (rtPA) 1 has shown significant improvement in 30-day survival. Intravenous rtPA produces a transient systemic hypocoagulable state. 2 Administering intraventricular thrombolytics to hypertensive IVH patients could contribute to a systemic coagulopathy and increase risk for both intracranial and extracranial bleeding. We performed a retrospective analysis of data from a large, placebocontrolled, multisite trial to assess the impact of intraventricular rtPA on systemic coagulation.
Methods
The CLEAR IVH Trial study procedures have been published previously. 3 We investigated changes in prothrombin time, partial thromboplastin time, platelets, plasma plasminogen, and plasma fibrinogen in patients who had blood coagulation data both before and within 36 hours after the first dose of the study agent. To explore how longer-term effects of rtPA when dosing may have systemic effects after restoration of normal cerebrospinal fluid resorption, we studied a smaller subgroup; this subgroup received the study agent after blood clot in the third/fourth ventricles had resolved, in whom an additional laboratory draw was performed within 24 hours after a dose was administered following clot resolution in those ventricles. Adverse events were recorded prospectively.
rtPA and placebo groups were compared for demographic and clinical characteristics using 2 analysis, t test, and the Kruskal-Wallis 1-way ANOVA as appropriate. Regression analyses were used to compare treatment and placebo groups, adjusting for baseline coagulation parameters, baseline IVH volume, and sex. All results are presented as meanϮSD. Probability values less than 0.05 were considered significant.
Results
Laboratory data were available for 78 of 100 enrolled subjects. Demographic and clinical characteristics are shown in Table 1 . Coagulation data were similar in both treatment groups at baseline and during dosing ( Table 2) . Percent increase in plasma fibrinogen was statistically associated with time relative to first dose, but there was no statistically significant difference between placebo and rtPA groups (PϽ0.01; Figure 1 ). Demographic and coagulation data were similar in both treatment groups in the 27 subjects who had laboratory data after clearance of third/fourth ventricles ( Supplemental Table  I ; http://stroke.ahajournals.org), except for time from administration of the first dose to clot resolution in the third/fourth ventricles. After rematching the placebo group to the rtPA group using the time of clearance of the rtPA group to account for time-related change, there were no significant differences between coagulation parameters of the 2 groups.
Deep venous thrombosis occurred in 2.5% of rtPA and 4.5% of placebo patients. One patient had a myocardial infarction. Symptomatic brain bleeding occurred in 8 rtPA subjects and in 1 placebo subject. Coagulation data were similar between subjects who had symptomatic brain bleeding and those who did not. The only non-central nervous system bleeding event reported (gastrointestinal hemorrhage) was in the placebo group. None of 29 subjects who received subcutaneous heparin or coumadin during intraventricular rtPA dosing experienced systemic bleeding.
Discussion
In contrast to intravenous thrombolytic administration, patients were exposed to significantly lower doses of intraventricular rtPA (maximum of 3.0 mg every 12 hours for up to 13 days). Our findings show that administration of low-dose intraventricular rtPA does not significantly change systemic hematologic status in patients with IVH either before or after radiographic clearance of the third/fourth ventricles. Following administration of 100 mg intravenous rtPA, there is a decrease (16% to 36%) in circulating fibrinogen. 4 We observed a mean increase in fibrinogen in both groups after the first dose and after ventricle clearance, which we attribute to an acute-phase hematologic response to intracranial hemorrhage. 5 Systemic hematologic status is an important consideration in the treatment of hemorrhagic stroke, as hemorrhagic stroke is an independent risk factor for deep vein thrombosis. 6 The rates of deep vein thrombosis and pulmonary embolism among all rtPA subjects in the CLEAR IVH trial are consistent with those in other studies, 1, 7 suggesting clinically that intraventricular rtPA does not initiate systemic fibrinolysis, and would be unlikely to compound the effects of systemic low-dose anticoagulation for deep vein thrombosis prophylaxis. The effect of local factors on brain bleeding, such as extent of tissue trauma and timing of local tPA delivery in relation to hemostasis, would benefit from additional investigation.
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